Objectives-To determine if the rate of change in forced expiratory volume in one second (FEVy) in subjects with high exposure to Latrobe Valley brown coal dust was significantly greater than the rate of change among subjects with low exposure.
change in forced expiratory volume in one second (FEVy) in subjects with high exposure to Latrobe Valley brown coal dust was significantly greater than the rate of change among subjects with low exposure.
Methods-A retrospective dynamic cohort design with variable time windows. This study was conducted over a period of 14 years from 1980 to 1994 and used data collected by the State Electricity Commission (SEC) Lung Function Unit for an asbestos surveillance programme. The subjects were exposed to low, medium, or high levels of coal dust. Basic spirometry with wedge bellows spirometers was used to assess lung function. A general linear model (GLM) was used to assess the effects of smoking and exposure to coal dust upon the change in forced expiratory volume in one second (FEVI) while adjusting for age and height. Results-The mean (95% confidence interval (95% CI)) rate of decline in FEVI was 40 (36 to 44) ml/year. Age was a significant predictor of change. A significant effect was found for smoking (P=0.02) and for exposure to coal dust (P=0.008). The only significant difference with exposure to coal dust was between the high and mixed exposure categories. Conclusion-There is no convincing evidence of excessive decline in FEV, with exposure to coal dust >0.75 mg/m3. The absence of a dose response relation provides some evidence against a causal relation.On the basis of this study, reduction of the exposure standards currently applied to brown coal dust in the Victorian electricity industry is not warranted to prevent respiratory disease.
(Occup Environ Med 1997;54:642-645) Keywords: coal dust Little is known about the relation between occupational exposure to brown coal dust and decline in respiratory function. This is in contrast to the well documented relations between exposure to black coal dust, coal workers' pneumoconiosis, and chronic airflow limitation.'
Soft brown coals contain 30%-65% moisture, up to 15% mineral ballast, and provide 1800-3000 kcal/kg of energy. employees who had at least one lung function test, 448 subjects met the inclusion criteria. Newport power station used natural gas as its fuel, so employees were not exposed to the dust of brown coal or its derivatives.
Subjects excluded from the study were those with asthma and subjects on bronchodilator treatment (n=38), on the grounds that FEV, was not reproducible in asthmatic patients. However, a history of childhood asthma alone was not considered grounds for exclusion. Subjects with asbestosis (n=5) or the combination of asbestosis and asthma (n=l) were also excluded. However, those with a few pleural plaques were not excluded as pleural plaques do not affect lung function unless extensive. Others excluded from the study were subjects with systemic lupus erythematosus (n=l), those who were technically difficult to test (n=2), and those who had insufficient occupational or lung function data (n=13), making a total of 60 subjects who were excluded from the study.
ASSESSMENT OF EXPOSURE
With the exception of office or laboratory based personnel, subjects who worked in a power station or a mine for the duration of the study period were classified as having high exposure to coal dust. Those classified as having low exposure included office and laboratory workers, subjects working at the gas fired Newport power station, and those who worked outside in non-mining areas-for example, gardeners. Subjects were classified as having mixed exposure if they worked for half of the study period in a high exposure Finocchiaro, Lark, Keating, Ugoni, Abramson A power calculation was performed for a two sample t test with unequal group sizes and assuming that a two tailed significance at the 0.05 level was required. The power of the study to detect a clinically important difference of 20 ml/year in rate of change in FEVI between the groups with low and high exposure was greater than 95%. The power of the study to detect a 10 ml/year difference in rate of change in FEVy was 56%; but only 18% to detect the 5 ml/year difference that would be expected from the literature. 8 The SDs of the groups with high and low exposures to coal dust were used in the power calculations.
ETHICAL ISSUES
The major ethical issues relating to this research project were maintaining the confidentiality of personal medical records and the fact that informed consent was not sought from individual participants. It would have been impractical to seek individual consent from the many subjects. Because of the downsizing of the industry and natural retirement, many subjects were no longer employed in the industry. In lieu of obtaining individual consent and in line with guidelines on ethics in occupational epidemiology, support for the project was obtained from management and unions. The study was then approved by the standing committee on ethics in research on humans at Monash University.
Results
All subjects were men and each subject's height as recorded at the first and last tests was usually the same. The average duration of follow up was eight years.
There was a wide variety in occupations, with the occupation of over half the subjects changing in some way during the course of the study. This further complicated the determina- The first GLM found that the covariate age was a significant predictor of change in FEVI (P<0.0001), but that height was not (P=0.87).
The interaction beween smoking and coal dust was not significant (P=0.33). The mean rate of decline in FEV, after adjustment for age and height did not differ much between the various smoking and coal dust combinations (results not shown).
The second GLM, which excluded the interaction between smoking and coal dust, found that age was still a significant predictor of change in FEV, (P<0.000 1), but height was not (P=0.92, table 4). Height was left in the model, however, as it was known to be an important predictor of initial lung function. A significant effect was found for smoking (P=0.02) and for exposure to coal dust (P=0.008). Table 5 shows the Bonferroni 95% CIs. There was a significant difference in mean rate of decline in FEVI between current smokers and non-smokers.
However, the only significant difference with exposure to coal dust was between the high and mixed exposure categories.
Discussion
The effects of age and cigarette smoking on decline in FEV, evident from this study are consistent with the literature. Smoking is a well known risk factor for excessive decline in FEV,.9 The effect of smoking may have been underestimated by only classifying subjects' smoking status on entry to the study. However, we have previously found in the aluminium industry that reported cigarette smoking was highly reproducible (K=0.92) and was unchanged in 92% of workers over 12 months."l Although we found a significant difference in the mean rates of decline in FEV, between the coal dust exposure categories, the lowest mean decline was shown in the mixed exposure category, rather than the low exposure category as would have been expected if there was a monotonic relation.
Thus we think that there is no convincing evidence of excessive decline in FEV, with exposure to coal dust >0.75 mg/m3. The absence of a dose-response relation provides some evidence against a causal relation. There was sufficient statistical power to find a clinically important difference between high and low exposure groups, had one existed. How do these findings compare with other cohort studies in dusty occupations? The annual declines in FEVI from five separate studies have been averaged.8 It is interesting to note that the average decline for non-smokers and non-exposed workers is much the same (43 ml/y). The effect of dust exposure (mean decline 48 ml/y) seems to be less than that of smoking (51 ml/y). One study which reported a very low rate of 9 ml/year in non-exposed subjects was excluded as an outlier. Otherwise the mean rates are comparable in magnitude to those obtained in the current study. The most complete study of exposure to coal dust carried out in the brown coal industry was a cross sectional study that did not include an estimate of cumulative exposure.4
Cross sectional studies can provide information about association, but do not usually provide strong evidence for causation.
The low exposure group in the current study is equivalent to the non-exposed group in Rawling's study" that included machinists, cleaners, turbine drivers, storemen, and transport drivers. The corresponding mean total dust exposure was well under 0.75 mg/m3. These data were used in the current study to provide an estimate of exposure to coal dust during the period of follow up, but give no information on cumulative exposure over an entire working lifetime. The formal examination of cumulative exposure to coal dust was beyond the scope of the current study.
More difficulty was also encountered in classifying exposure to coal dust in the current study than expected. The boundaries between the high and mixed groups and between the low and mixed groups were not distinct. Further analysis (not presented) confirmed that no significant difference in the mean decline in FEVI existed between exposure groups. This analysis found that no threshold level of effect existed between the group with low exposure to coal dust and the groups with mixed and high exposures combined, or between the groups with low and mixed exposures combined and the high exposure group. It is thus unlikely that misclassification of coal dust exposure has seriously affected the results presented.
This study had potential sources of bias, of which the main one is selection bias. Subjects were selected because of their repeated participation in the asbestos surveillance programme over a period of at least six years (388 out of 4000, about 10%). However, there is little reason to suspect that concerns about exposure to coal dust in itself would have greatly affected participation in the asbestos surveillance programme. It is therefore thought that the results could be generalised to the whole workforce.
Exposure to welding fumes (which contain the irritant gases nitrogen dioxide and ozone) were a potential confounding factor. However, when included as an independent variable in the analysis, exposure to welding fumes was not significantly related to decline in lung function. The fact that only 16 employees had any exposure was surprisingly low considering the nature of work in this industry and it is possible that the effects of exposure to welding fumes have been underestimated in this study. There is also potential confounding by exposure to asbestos. Asbestos dust has been reported to have obstructive as well as restrictive effects. '2 However, given that only six cases of diagnosed asbestosis occurred in over 4000 subjects, the degree of confounding would be minimal.
Conclusions
On the basis of this study, reduction of the exposure standards currently applied to brown coal dust in the Victorian electricity industry is not warranted to prevent respiratory disease. Exposure to brown coal dust and its derivatives should, however, continue to be monitored to ensure that exposure is kept as low as possible and that current exposure limits are not exceeded.
Because this study confirmed a significant association between smoking and decline in lung function in this industry, employees and others involved in the industry should continue to be encouraged to become or remain non-smokers through workplace health promotion strategies.
